Well-formed Streptomyces colonies were counted more rapidly when a starch casein medium containing antibiotics was supplemented with either magnesium chloride or additional sodium chloride.
liams agar (10) ; (vii) rose begal malt extract medium (5); and (viii) starch casein agar (3, 11) .
Results obtained in triplicate using polluted river water indicated complete overgrowth by fungi and bacteria on all media except those containing chitin and starch casein. The more satisfactory chitin medium was that of Lingappa and Lockwood (10) , but colonies were indistinct and small.
Agate and Bhat (1) stated that the moisture on the freshly poured glucose-yeast extract plate appeared to be the primary factor concerned in the excessive spreading of both molds and bacteria and general overcrowding over the slowly growing actinomycetes. Use of a stereoscopic microscope for counting colonies on chitin agar was recommended (10) , and for other media (9) plates could be dried overnight at 37°C. Both of these techniques can be eliminated by adopting the approach given below.
Effect of salt on the colony count. The starch casein medium (11) was the most promising medium, so further work was undertaken to reduce the growth of rapidly growing gram-negative bacteria by adding sodium chloride or magnesium chloride to the medium. The rationale behind this approach was that actinomycetes are known to be comparatively salt tolerant (9) . Thus, a second series of tests was run in a more precise manner. The media tested were: (i) glucose-yeast extract medium (1); (ii) arginine glycerol medium (10); (iii) Kuster and Williams medium (10); (iv) rose bengal malt extract medium (5); and (v) starch casein agar (3, 11) . Different concentrations of sodium chloride were tested in media (i) to (v), whereas magnesium chloride was only tested in medium (v).
Two series were run, the variant being the concentration of penicillin G (see tables 1 and 2). Unchlorinated polluted water from the Lane Cove River, which was low in salt (about 36 mg of chloride per liter), was used for the tests. Each test was performed in triplicate. Water was collected in a large plastic 20-liter container. It was poured into a plastic can, mixed well, and poured into 500-ml stoppered glass bottles. These were heated for 2 h at 44°C to decrease the number of non-sporeforming bacteria, and then 50 ml was filtered under suction through a sterile 5-cm-diameter membrane filter of 0.45-,Am pore size (Oxoid). The membrane was placed face upwards on the medium in a petri dish and incubated for 10 days at 28 ± 0. 1C. The number of colonies was determined by using a hand counter.
RESULTS
Glucose-yeast extract medium. The actinomycetes were difficult to count since they were pinpoints, were not discrete entities, or had vague lacey outlines on the ever present yellow, red, and white bacterial background. Generally, the number of colonies increased with increasing salt content, but the counting error could well be 5 to 10%.
Arginine glycerol medium. The overgrowth problem was not solved using arginine glycerol medium.
Kuster and Williams medium. At lower concentrations of additive, Streptomyces colonies tended to be on the rim of the bacterial growth. As the salt concentration increased, colonies became partially exposed but were atypical, lumpy, and distorted. They appeared as aggregates of grey and white colonies, while the bacteria decreased with an increase in additive. Rose bengal malt extract medium. All plates were overgrown with red and yellow bacteria to such a degree that counting of Streptomyces colonies was impossible.
Starch casein medium (NaCI). As the salt concentration increased to 4.6% the bacteria decreased due to suppression. At 2.0% additive, overgrowth occurred, whereas at 3.3% colonies IMPROVED ENUMERATION OF STREPTOMYCES SPP.
were mainly on the rim, the center ones being very small. At 4.0%, some bacteria remained and Streptomyces colonies were quite large and unobscured. With a salt level of 4.6%, the membrane was free of bacteria, and the grey colonies were typically well-formed units, which were easy to count. They emitted the characteristic musty odor.
Starch casein medium (MgCl2). As the salt concentration increased from 0 to 4.6%, the number of bacteria decreased. At 2.66% additive, a few Streptomyces colonies were on the rim, the rest being unable to compete, and a few white wisps were visible on the surface. At 3.32%, colonies in the center were still seen as white dots, and at 4% they were still small, with larger ones on the rim. At 4.66%, there was little bacterial growth, but the colony size was badly retarded in comparison with the same medium plus NaCl.
Effect of trace metals on the colony count. Trace metals were added because Waksman (9) mentioned their beneficial effect. These were in the form of zinc acetate, copper chloride, and ammonium molybdate. Even with such variables as agar concentration and salt concentration the trend is obvious in each of the four treatments. Only zinc ions enhanced Streptomyces colony yields (see Table 3 ).
It can be readily seen that salt (NaCl) addition is not a panacea for the prevention of bacterial overgrowth on all media. However, it has been found to be outstandingly beneficial when used with the starch casein medium (11 lin G is irrelevant compared with the salt content effect.
